In this Letter we investigate the spatial properties of sources from the GAIA catalogue previously identified as being members of the Taurus star forming region and which appear in the Spitzer catalogue. We study an area of sky of 10
INTRODUCTION
The Taurus molecular cloud (TMC) is one of the closest low-mass star-forming regions, lying at a commonly accepted distance of roughly 140 pc (Elias 1978) . The region covers some 10 to 15 degrees in extent which equates to about 25 to 30 pc at this distance. This makes comprehensive study of the entire stellar population of the region difficult and no fully comprehensive study of the three-dimensional structure of the cloud complex has previously been conducted. Situated within the TMC are numerous filaments and smaller cloud structures (Hartmann 2002; Schmalzl et al. 2010; Kirk et al. 2013; Panopoulou et al. 2014; Marsh et al. 2016) . Previous studies have shown that young stars are grouped in and around these smaller structures (Gomez et al. 1993; Kirk et al. 2013) . Early distance measurements (McCuskey 1939 ) determined a distance of 142 pc to the Taurus star-forming region, whilst later studies (Straizys & Meistas 1980; Meistas & Straizys 1981 ) of a number of Lynds dark clouds in the region (Lynds 1962) indicated that the TMC is more extended and exists between about 140 and 175 pc.
A study by Bertout et al. (1999) of three distinct regions of the complex placed the Lynds cloud L1495 at 125.6 +21 −16 pc, the Auriga region at 140 +16 −13 pc, and the southern region at 168 +42 −28 pc. In a later study, Bertout & Genova (2006) derived kinematic parallaxes of 67 members of the Taurus moving group with typical errors of 20% and identified weak-line and classical T Tauri stars spread over distances between 106 +42 −24 and 259 +61 −42 pc. Very Long Baseline Array (VLBA) parallax observations of the Taurus star-forming regions conducted by Torres et al. (2007 Torres et al. ( , 2009 showed a difference in the distances to separate regions of the Taurus complex by studying a small sample of individual sources. They noted a distance of 161.2 ± 0.9 pc for the star HP Tau/G2 in the eastern part of the complex, about 147 pc for T Tau in the southern region, and around 130 pc to the central area of the star-forming complex, by observing the T Tau-type stars Hubble 4 (V* V1023 Tau) and HDE 283572. A multi-wavelength survey of the TMC conducted by Rebull et al. (2010) identified pre-main sequence members of the Taurus molecular clouds using the Spitzer Space Telescope Taurus project (SSTtau) catalogue (http://cds.u-strasbg.fr/cgi-bin/Dic-Simbad?SSTtau) and Two-Micron All-Sky Survey (2MASS) data (http://vizier.u-strasbg.fr/cgi-bin/VizieR?-source=B/2mass). Galli et al. (2018) presented trigonometric parallax and proper motion observations of Young Stellar Objects (YSOs) in the Taurus region as part of the Gould Belt Distances Survey using the VLBA. Their data suggest a significant difference between the closest and farthest stars in their sample of about 36 pc with the closest lying at 126.6 ± 1.7 and the most distant at 162.7 ± 0.8 pc. Within this range they noted that the central portion of the L1495 dark cloud is at 129.5 ± 0.3 pc, whilst the supposedly associated B216 structure lies at 158.1 ± 1.2 pc. Previous studies such as these have used two methodologies. They have either investigated the Taurus region in terms of individual stars within separate diverse regions or they have considered extended filaments and clouds as bulk systems within the star-forming region. Such studies have identified significant distance dispersion among the stellar members of various regions within the star-forming complex, and have further suggested considerable depth effects within the cloud. However, neither investigative approach is able, of itself, to provide an extensive overview of the kinematics of the star-forming region. In this study, we combine these two approaches by using newly available data from GAIA data release 2 (DR2), about individual sources, to model the characteristics of the region as a whole (Brown et al. 2018 ).
GAIA
The European Space Agency GAIA astrometric space observatory (Lindegren & Perryman 1996) was launched in December 2013. The spacecraft is designed to measure the parallax, positions and proper motions of stars, with the ambitious goal of producing a three-dimensional map of most of our Galaxy. GAIA is not designed to measure distances directly, but they can be inferred through the determination of stellar parallax. The GAIA Archive is a relational database which can be accessed through an interactive user interface and interrogated using conditional queries. GAIA data are freely available from http://gea.esac.esa.int/archive/.
The GAIA second data release (DR2) occurred in April 2018 with a five-parameter astrometric solution for more than 1.33 × 10 9 sources (Brown et al. 2018) . DR2 parallax uncertainties are in the range of up to 0.04 milli-arcseconds (mas) for sources with a broad-band, white-light magnitude (G) <15 and on the order of 0.7 mas at G=20. Coupled with proper motion measurements from DR2, a detailed investigation of the internal kinematics of the Taurus starforming region can be made. Due to the relative proximity of the Taurus star-forming region, where the parallaxes Sources are grouped in 3-pc bins. Two distinct groupings are seen, which we refer to as the 'near' and 'far' populations, and label them the two horns of Taurus (see text for details).
are positive and relative uncertainties are small, a Bayesian prior is not employed in this study (Bailer-Jones 2015; Bailer-Jones et al. 2018; Luri et al. 2018) , and a straightforward inversion of parallax is used to infer distance. This does not affect any of the conclusions in this paper.
Since it is known that there are unquantifiable (but probably small) parallax errors due to a poorly determined zero-point offset in extinction (Lindegren et al. 2018) , it is not possible to correct individual GAIA parallax values completely. It should also be remembered that GAIA is, in essence, an optical telescope and, as such, will have difficulty in accurately measuring parallaxes in areas of high optical extinction due to dust. Hence, for the purposes of this study, mean parameter values are used. Independent comparisons of GAIA and VLBA studies of YSOs in the Ophiuchus, Serpens and Aquila regions (Ortiz-León et al. 2018 ) obtained consistent parallax values across all systems, supporting our use of uncorrected GAIA parallax values at this distance. • . This effectively defines an area on the sky of roughly 126 pc 2 at the approximate distance of the Taurus cloud. Parallax values were set between 5.0 and 10.0 mas, setting a box covering a distance range from 100 to 200 pc. Quality limits were set to only include data with at least 5 independent astrometric measurements. No other quality flags were defined, so as to maximise the number of sources returned, thereby enabling an objective selection of sources within the study area. The query returned 7587 individual sources. After performing distance calculations on the mean parallax values, the sources were plotted on a histogram in 1 pc bins. The subsequent distribution showed no evidence of the expected peak in population at around 140 pc. We hypothesised that this was due to the Taurus sources being totally swamped by foreground and background objects. To remove possible contamination of our sample by foreground and background field stars, we cross-referenced our findings with the Spitzer SSTtau catalogue (Rebull et al. 2010 ) and obtained 168 objects in our search area with known GAIA parallaxes and proper motions. Within this subset the largest parallax error is 1.214 mas for object Gaia DR2 151265002954775936 (KPNO-Tau4), which is a classified L0 brown dwarf star. It should be noted however, that brown dwarfs within the sample have higher parallax errors, suggesting constraints on the detection of such low luminosity objects. Parallax errors on the remaining sources are significantly lower, with a typical median value of only ∼ ±2-3 pc.
The properties of the 168 GAIA sources are listed in Table 3 in Appendix A. Taking inverse parallax values and determining the distances of our sample of 168 sources, we binned the values at 3 pc intervals and produced a distance distribution. The resulting histogram is plotted in Figure 1 . A clearly double-peaked distribution can be seen. The two peaks are colour coded red and blue for the 'near' and 'far' populations respectively. The three sources coded white lie outside the two main populations and are not discussed hereafter.
A number of proper motion studies have been undertaken of this region, notably those conducted by Jones & Herbig (1979); Walter et al. (1987); Hartmann et al. (1991); Gomez et al. (1992); Frink et al. (1997); Ducourant et al. (2005) ; Bertout & Genova (2006) ; and more recently (Dzib et al. 2015) and Galli et al. (2018) . In general, these are all studies of pre-main sequence stars, seeking to identify the proper motions of members of the Taurus moving group. Table 1 lists the values from these studies. We can use these to constrain the upper and lower limits of proper motion for this study of the TMC.
All 168 identified sources (see Appendix A, Table 3 ) have GAIA DR2 proper motions, and of these, 165 lie within the 'near' and 'far' populations mentioned above -the remaining 3 are shown in white in Figure 1 . Based on the values given in Table 1 , for the purposes of this study, upper and lower limits of proper motion for the Taurus moving group are taken as being 40 mas yr −1 and 12 mas yr −1 respectively. Within these limits there are 161 sources, 111 members in the 'near' group and 50 in the 'far' group -the remaining 4 sources are rejected as lying outside of this 12-40 mas yr −1 proper motion cut. The mean proper motions of the two groups are found to be different. The mean proper motion of the 'near' population is 24.5 ± 2.8 mas yr −1 , and that of the 'far' population is 20.1 ± 2.4 mas yr −1 . For comparison, 7 sources from the study of Galli et al. (2018) lie within our 'near' population and 2 lie in the 'far' group. These numbers are statistically low, nevertheless they provide mean proper motions of 24.90 ± 4.88 and 19.66 ± 0.50 mas yr −1 for the 'near' and 'far' populations respectively, which are fully consistent with the values found here. The proper motions of 156 of the 161 stars are shown in Figure 2 (the colour coding of the two groups is the same as in Figure 1 ). Figure 2 has been zoomed in order to show the bulk of the sources most clearly, so there are five sources lying within our proper motion limits of 12-40 mas yr −1 , but which are outside of the plotted boundaries of Figure 2 . Of these five, two lie in the 'near' population (GAIA DR2 146675954953119104 and GAIA DR2 147546080967742720), and three lie in the 'far' population (GAIA DR2 148116276529733120, GAIA DR2 147248216395196672 and GAIA DR2 145213192171159552). One of these sources, GAIA DR2 145213192171159552 (CoKu HP Tau G2) has been previously studied (Torres et al. 2009 ) using the VBLA, which determined a parallax of 6.2 ± 0.3 mas. Our GAIA DR2 value is 6.02 ± 0.04 mas and is fully consistent.
DISCUSSION
It can be seen from Figure 1 that there are two significant peaks in the distance distribution, centred at approximately 130 and 160 pc. Separating these peaks into 'near' and 'far' populations, as indicated by the red and blue colouring in Figure 1 , results in mean (and error on the mean) distances for each component of 130.6 ± 0.7 and 160.2 ± 0.9 pc respectively. For each group the standard deviation on the distance is ∼ 6 − 7 pc versus a mean error on each measurement of ∼ 4 − 5 pc. It is probable that the standard deviations for the distances are broadened by these measurement errors. Table 2 shows the parameters of each group. These distributions are roughly consistent with the findings of previous studies mentioned in §1, but far more double-peaked than was previously realised. We here refer to the two peaks as the two 'horns' of Taurus. For the purposes of simplicity, the groups are described as lying at 110−150 pc and 150−180 pc respectively. Figure 2 shows the proper motions of our 161 sources in the 'near' and 'far' populations, coloured red and blue as before. It can be seen that the two populations have markedly different proper motion characteristics. The populations fall within two separate and distinct proper motion groups, related to their distance. The mean proper motions of the two groups are listed in Table 2 , and are 24.5 ± 2.8 and 20.1 ± 2.4 mas yr −1 for the 'near' and 'far' populations respectively. The mean angles, θ, of the proper motions of the two populations are also listed in Table 2 , along with their standard deviations. These are 162±6
• and 154±17
• for the 'near' and 'far' populations respectively, where all angles are measured east of north. Hence, it can be seen that the two groups are also moving in slightly different directions. Although these values are within 1σ of each other, a KS test rejects the possibility that they come from the same population. Figure 4 in Appendix D plots the individual velocity vectors for the members of each group after subtracting the mean overall motion of the Sun relative to the cloud, and a clear distinction is seen − these findings are discussed further in Appendix D.
Using the data presented in Figures 1 and 2 it is possible to obtain a picture of the distribution of objects within the sample being studied. Figure 3 presents this distribution superposed on a visual extinction map of the region calculated from the 2MASS survey (Schneider et al. 2011) . Obvious structures within the distance distribution of sources are identifiable within the cloud complex. For example, GAIA DR2164422961683000320, which lies in L1495 within the south-eastern area identified as B10 (part of the extended L1495 cloud), is seen here to lie at 126.4 ± 1.6 pc, which is consistent with the value of 126 +21 −16 pc found earlier by Bertout et al. (1999) . The region around B10 can thus be seen to be part of the 'near' population, and the 31 sources associated with the 'near' group within B10 have a mean distance of 131.9 ± 3.2 pc, with a standard deviation of 5.0 pc.
Stretching to the south-east from B10 lies the L1495 filament. There are a number of sources from both populations which lie directly within, or close to this filament. It is apparent that, if these sources are genuinely associated with the L1495 filament, then there appears to be a double distance gradient along this structure. One interpretation of this apparent double gradient is that the cluster of 'far' population sources seen half-way along the filament, are actually background to it. For this to be the case, there would need to be gaps in the foreground cloud that allowed the background cloud to be seen. This explanation would be consistent with the findings of Hacar et al. (2013) , if one interprets their line-of-sight velocity with distance. This hypothesis is pursued further in Appendix B. Cloud B18 appears to be populated with a discrete population belonging to the 'near' group. Analysis of the data for this group shows that they are lying at a mean distance of 127.4 ± 3.8 pc, with a standard deviation of 7.9 pc.
Moving on to L1536, the VLBA derived parallax to the star HP Tau/G2 provides a distance of 161.2 ± 0.9 pc (Torres et al. 2009 ). HP Tau/G2 also appears in the Galli et al. (2018) study with a derived mean distance of 162.7 ± 0.8 pc, which is within 3σ of the GAIA value of 165.9 ± 1.3 pc. This star is embedded within the reflection nebula GN 04.32.8, which appears as a crescent-shaped feature in the Herschel column density map of L1536 (Kirk et al. 2013) . HP Tau/G2 (GAIA DR2 145213192171159552) lies within the area of L1536 (see Figure 3) . There are 20 'far' group sources identified in this area with a mean distance of 160.3 ± 3.7 pc, and a standard deviation of 6.8 pc. The clear interaction of HP Tau/G2 with L1536 strongly implies that L1536 is at a comparable distance (Kirk et al. 2013) . This is also supported by the earlier study by Bertout et al. (1999) , which placed the southern region of the Taurus cloud at 168 +42 −28 pc. There are also two members of the near population situated within the L1536 area. These are GAIA DR2 145238687096970496 and GAIA DR2 145157937416226176 which have distance determinations of 130.0 ± 2.3 and 140.3 ± 4.2 pc respectively. When considering their maximum distances, they do not fall within the lower boundary of the 'far' group and we discount them as not being members of L1536.
The area commonly known as the Bull's Tail (Nutter et al. 2008 ) lies within a region previously referred to as the Taurus Molecular Ring (TMR), which is associated with Heiles Cloud 2 and has been the subject of many previous investigations (Hartigan & Kenyon 2003; Tóth et al. 2004; Nutter et al. 2008; Malinen et al. 2012) . Objects GAIA DR2 148401565437820928 and GAIA DR2 140400229703257856 lie towards the south-eastern end of the Bull's Tail and have GAIA DR2 distances of 136.3 ± 8.2 and 136.9 ± 2.1 pc respectively, which are in general agreement with previous studies. From Figure 3 it can be seen that there is a single member of the 'far' group to the south of the Bull's Tail (GAIA DR2 148374391180009600) lying at a distance of 149.3 ± 5.3 pc. The association of members of both the 'near' and 'far' populations with this feature confirms the previous suggestion of Nutter et al. (2008) that the TMR is not a coherent feature but is rather composed of disparate sources at different distances spread throughout the depth of the complex. In Appendix C, Table 4 , we compare the GAIA DR2 data with VLBA data (Torres et al. 2009 ), and find eight sources common to both studies. There is good agreement between the two sets of measurements except for two sources, GAIA DR2 148116246425275520 (V999 Tau) and GAIA DR2 163233981593016064 (V1096 Tau), which lie at the inner and outer boundaries of the 'near' group respectively. These are the only M0 stars amongst this group, so this could introduce larger errors in the GAIA measurements. Otherwise, all new GAIA DR2 measurements are consistent with previous measurements, but the new data have allowed us to see a complete three-dimensional picture of this fascinating cloud.
SUMMARY
This study has shown, through the use of trigonometric parallaxes from GAIA DR2, that there are significant differences in the distances to different clouds within the Taurus molecular cloud complex. We have shown that there are two main associations located at 130.6 ± 0.7 and 160.2 ± 0.9 pc. The two groups have different proper motions of 24.5 ± 2.8 and 20.1 ± 2.4 mas yr −1 respectively, and they appear to be moving in somewhat different directions. They also appear to have slightly different line-of-sight velocities. We call these two populations the two 'horns' of Taurus.
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B. COMPARISON BETWEEN DISTANCE AND LINE-OF-SIGHT VELOCITY
In this Appendix we compare our interpretation of the three-dimensional nature of the TMC with existing line-ofsight velocity measurements of the region. It is well-established that TMC has a complex velocity structure (e.g. Clark et al. 1977) . In the context of the Gaia distance observations, it is a useful exercise to attempt to associate the stars in our two 'near' and 'far' groups with the major line-of-sight velocity components of the cloud.
The 12 CO emission associated with TMC has systemic line-of-sight velocities ranging from ∼ 0 − 12 km s −1 , with the large majority of the emission having velocities in the range 4 − 8 km s −1 (Narayanan et al. 2008) . TMC has an overall east-to-west velocity gradient, with the eastern parts of the cloud preferentially having a lower systemic velocity than those in the west (e.g. Goldsmith et al. 2008) . However, there is a great deal of variation within this broad east-to-west trend. Particularly, the L1495 filament is known to have two distinct velocity components, separated by ∼ 1.5 km s −1 (e.g. Heiles & Katz 1976; Clark et al. 1977) . Hacar et al. (2013) used IRAM 30m telescope C 18 O observations to further separate these two components into multiple sub-filaments, with one set of sub-filaments having velocities ∼ 5 − 6 km s −1 , and the other having velocities ∼ 7 km s −1 . The well-defined plane-of-sky morphology of the L1495 filament is at odds with its apparent lack of velocity coherence, leading to suggestions that the 'filament' is in fact an edge-on sheet (e.g. Palmeirim et al. 2013 ). However, Li & Goldsmith (2012) compared volume densities derived from dense gas tracers with 2MASS-derived column densities, and found that the high-density portion of the L1495 'filament' has a plane-of-sky depth of only ∼ 0.12 pc, suggesting that it is indeed an approximately cylindrical structure.
The stars associated with TMC included in the Gaia DR2 catalogue are located at intermediate visual extinction, and so are not associated with the densest star-forming gas. We thus compare the distribution of the stars in our two distance groups to the velocities measured in 12 CO FCRAO observations of TMC (Narayanan et al. 2008; Goldsmith et al. 2008) . These observations will trace moderately dense gas (n(H 2 ) ∼ 10 2 − 10 3 cm −3 ) which is definitively associated with TMC, but which is not gravitationally unstable and actively forming stars (e.g. di Francesco et al. 2007) .
12 CO velocity channel maps presented by Narayanan et al. (2008) show that the B10 and B18 regions have systemic velocities ∼ 7 km s −1 , while the L1536 region has a systemic velocity ∼ 5 km s −1 . The L1495 filament shows a doublepeaked velocity structure, as discussed above. The TMC-1 region also has multiple velocities, with some suggestion that the eastern side of TMC-1 is at a lower systemic velocity (∼ 5 − 6 km s −1 ) than the western side (at ∼ 7 km s −1 ). We find a striking correspondence between these behaviours and the spatial distribution of the stars in our 'near' and 'far' groups (see Figure 3 ). B10 and B18 are both dominated by 'near' stars, and have a systemic velocity of ∼ 7 km s −1 , while L1536, containing 'far' stars, has a systemic velocity ∼ 5 km s −1 . The L1495 filament, with its two velocity components, contains stars from both groups, as does TMC-1. However, in TMC-1 the 'far' stars are preferentially located in the east, while the 'near' stars are preferentially located in the west, corresponding to a velocity gradient from ∼ 5 − 7 km s −1 across the region. There is thus a qualitative tendency for 'near' stars to be associated with ∼ 5 km s −1 sightlines, and for 'far' stars to be associated with ∼ 7 km s −1 sightlines. Our results thus tentatively suggest that the two main velocity components of the gas in TMC are located at different line-of-sight distances, with the ∼ 5 km s −1 gas being located in front of the ∼ 7 km s −1 gas. The 'gaps' in the L1495 filament hypothesised in section 4 are also seen in the velocity data. Figure 4 (left), it can be seen that there is a small difference in the vectors between the two populations. The mean values of proper motion for each population and their standard deviations are given in Table 2 . However, the influence on proper motions caused by the relative solar motion needs to be taken into account. Therefore we calculated the mean motion of the entire sample. This will be dominated by the relative solar motion. We then subtracted this overall mean from each individual star's proper motion and plotted the residuals in Figure 4 (right). Therefore the arrows in Figure 4 (right) show the proper motions of the stars relative to this overall relative motion between the Sun and the Taurus cloud. This then highlights the difference between the two populations.
There is then a marked difference in the proper motions of the two populations, in particular those of the members of L1495 and L1536. In an X-Ray survey Briceno et al. (1997) suggested that a population of stars discovered during the ROSAT mission (Trümper 1985) , located to the south of the Taurus clouds, might be an older population and have a different origin from the rest of the cloud, as well as being located at a different distance to the then commonly accepted distance of 140 pc. Our initial findings tend to support these ideas and further suggest that there may be a dynamic link between L1536 and the B213 region within L1495. The diverse kinematic behaviour of the Taurus star forming region will be the subject of our further investigation and future publications.
